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RESULTS OF AN INVESTIGATION TO VERIFY SHUTTLE ORBITER
VEHICLE 102 AERO CHARACTERISTICS UTILIZING AN .05-SCALE
HI-FIDELITY REMOTE CONTROL MODEL (39-0) IN THE AMES

RESEARCH CENTER UNITARY WIND TUNNEL (OA145A)

by

R. H. Mulfinger, Rockwell International Space Division
ABSTRACT

This report documents the data obtained in wind tunnel test $Al145A,
part of a transonic verification test program (@PA145A, B, C) conducted in
the Ames unitary plan tunnel. Data from tests @PA145B and C are documented in
DMS-DR-2364 and DMS-DR-2389, respectively. The objective of this test ser-
ies was to verify orbiter vehicle 102 aerodynamic characteristics with re-
gard to:

1. Basic stability and control over the structural design envelope

2. Fine cut stability and control characteristics along a nominal
entry trajectory

3. Control surface hinge moments

4. Reynolds number effects on stability and control, control surface
effectiveness and hinge moments

5. Certain hysteresis and control surface interactions observed on
other smaller scale model tests

6. Proposed inboard/outboard elevon interaction math model
Testing was conducted over a Mach number range 0.4 to 3.5 with Reynolds
number variations between 3.0 x 10% and 9 x 106 per foot for subsonic/tran-

sonic tests and 1.0 x 10% to 4.5 x 106 per foot for supersonic tests. The
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ABSTRACT (Concluded)

test program included investigations to evaluate model blockage, reflected
shock and flow angularity effects in the 11 ft. and 9 x 7 tunnels. Mach
ramps were run in the 11 ft. tunnel to help establish data validity near
Mach 1.0. Control surface hinge moments were obtained from the integra-

tion of measured pressure data on all control surfaces.

iv




TABLE OF CONTENTS

Page
ABSTRACT iii
INDEX OF MODEL FIGURES 3
INDEX OF DATA FIGURES 4
INTRODUCTION 20
NOMENCLATURE 22
REMARKS 27
CONFIGURATIONS INVESTIGATED 33
INSTRUMENTATION 35
TEST FACILITY DESCRIPTION 38
DATA REDUCTION 39
REFERENCES 45
TABLES
I. TEST CONDITIONS 46
II. DATA SET/RUN COLLATION SUMMARY 47
III. WING AND ELEVON PRESSURE TAP LOCATIONS 62
IV. FLIPPER DOOR PRESSURE TAP LOCATIONS 63
V. BODY FLAP PRESSURE TAP LOCATIONS 64
VI. SPEED BRAKE PRESSURE TAP LOCATIONS 65
VII. AIR DATA PROBE AND STING PRESSURE TAP LOCATIONS 66
VIII. COEFFICIENT TOLERANCES FOR THE 4-INCH TASK 67
MKIVA BALANCE
FIGURES

MODEL 68



TABLE OF CONTENTS (Concluded)

Page
DATA 83
FORCE - VOLUME 1 - Figures 4 thru 40, pages 1 thru 1061
PRESSURE - VOLUME 2 - Figures 41 thru 116, pages 1062
thru 1994
VOLUME 3 - Figures 117 thru 168, pages 1995
thru 2937

APPENDICES - SOURCE DATA
VOLUME 4 (FORCE DATA - TABULATION)
VOLUME 5 (FORCE DATA - TABULATION)

VOLUME 6 (PRESSURE DATA - MICROFICHE)

NOTE: Distribution of Volume 6 was limited due to the volume of micro-
fiche. Requests for pressure data tabulations should be directed
to Chrysler Data Management Services.




Figure
1.

INDEX OF MODEL FIGURES

Title

Axes systems and sign convention.

a.

b.

C.

d.

e.

Axes Systems Definition
Control Surface Deflections
Orbiter Reference Dimensions
Rudder/Speed Brake Deflections

Elevon and Body Flap Deflections

Model sketches.

Orbiter Configuration
Protuberances and Penetrations
Elevon and Wing Pressure Tap Locations

Flipper Door and Elevon Cavity Pressure
Tap Locations

Body Flap Pressure Tap Locations

Rudder/Speed Brake Surface Pressure Tap
Locations

Air Data Probe Pressure Tap Locations

Base Pressure Tap Locations

Model installation photographs.

a.

b.

Model Installed in 11 x 11 Foot Test
Section (OAl45A)

Model Installed in 9 x T Foot Test
Section with Base Detail (OA1LSB)

Page

68
69
70
71

72

73
74
75
76

77

78

79

80

81

82



*9dd 0T = VHAIV ‘VIVd TVYNOILOHAYId

695-TYS HOVI “ N9ads 1q ~TV¥ALYT NO NOIIOZTIAA IAVIEQEEdS A0 10ddAH 71
030 § = VHITV ‘VIVQ
T%7$-0TS HOVK ‘ Y¥4ads cal:t TYNOILOTIIA~TVEEIVT NO NOILOE14dd AAVYEQHdAdS 40 1Dddad €1
: 930 0 = VHAIV ‘VIVd
605-78Y HOVI ‘YN 9ads 1 TVNOILOEYIQ-TVYILYT NO NOLLOZT4dd AAVYEAIAdS 40 10T4dd 4}
187-61% HOVI ‘ Y¥€Qds 1y VIVQZ TVNIGALIONOT NO NOILOE1ddd AVYEdddds 40 IDFddd 1T
8T7-95€ HOVI Y¥9ads q'v VIVQ TVNIGALIONOT NO NOILOFTJdd EAVYEAFAdS J0 1DEddd VI
$SE€-00€ HOVK ‘ dv'14ad a‘v SSANFATLIOZALE TVNIAALIONOT dvid Xd09 0T
~
662~€2C HOVI ‘ NOAT'1d 0V SSANHAILOZAAA NOAZTE €6
AAATAY HOVI‘ NOAHTH 0V SSANHAILOEAAE NOAZTId V6
FARIAN HOVKH ‘ VHA'IV d VIVQ TVNOILOFYIQ-TVYALVT NO LOH4dd YAGWAN SATONATY 8
TIT-16 HOVI ‘ VH'TV g SATYOAA G7 AAVYEQEES ‘ALITIAVIS TVNOILOZYIA-TVYALVI L
06-6L HOVH \4 ALITIEVIS TVNIQNLIONOT 9
8L-6S HOVH v VIVQ TVNIQALIONOT NO 1D3FA4d JIIWAN SATONATY S
76-T HOVI v SIXV TVNIQALIONOT - NOIIVATYAZ ALINVINONV MOTd V
VIVd 30404 - T ZWNTIOA
S39vd ONIXYEVA chlticr N JILIL YAdWNN
INZIDIAJ40D TANO14

SNOILIUNOD

STINHTA VIVA I0 XIANI




0 = Vidd ‘0 = an¥ ‘G¢ = MY4dS “/°11- =

v8-L€8 HOVKW  VHA'TV 1 dV14ad “AIVA ATTH  :SNOILOVYAINI “4d¥0S TOLLNOD 9z
930 0 - VIdY ‘9dd § = VHAIV “NOYATIIV

9¢£8-¢18 HOVH ‘NOAdTH A SV 9NIAOW (,9I100 :SIDd44d AFTH d,91N0/d,dNI G2
9dd 0 = VId9 ‘930 § = VHAIV ‘NOYIIV SV

718-68L HOVK * NOATTH r ONIAOW MIVOINI :S1DE4Ad AATH d,9IN0/d,9NI VX4
. 0 = NOWTIV ‘0 = VIEYE ‘¢ = VHdIV ‘XI1d

88L~TLL HOVK ‘4I-AHTH I d,gNI ‘HAOW ,9100 :SI1odddd AdTA d,9100/d,9NI £C
0 = NOYIIV ‘0 = V1dd ‘G = VHIIV ‘XId

0LL-€SL HOVK ‘ 94¢—ATH H a,49100 ‘HAOW d,9NI :SIDE4J4d AZTH d,9100/d,9NI 44
*5dd 0'0 = VIA9 ‘°94d 0°S = VHJAIV

I6L-STL HOVKW M9 9dds 94 ‘SONILIIS M¥9ddS SNOI¥YVA SSINAAIILOALIA ¥IAANY TZ
SATYOIA 0°0 = Vidg

weL-T10L HOVH ‘ VHA'TV 94 ‘SEANYOAA 0°GT IAVELAIALS “SSANFAIIOAIAH ¥AAANY 0z
SHAYOIA 0°0 = V1d9

00.-189 HOVK * VHA'IV 91 ‘SATUOIAA ¢ /L8 AIAVILAAAAAS “SSHANIAILOTILT HAAANE 61
SITYOHAQ 0°0 = VIdd

089-€69 HOVK ‘ VHA'IV 5°d ‘gITYOHAd 00 MIVYLEAEAIS ‘SSANIATIIDIAIT ¥IAANY 8T

269-629 HOVW ¢ VHA'TV 94 SIAYHIA Gz AAVELAAAIS ‘SSANFATIOALLA dIAANY LT

%29-L6S HOVK ‘ VHA'TV 9°d SHTYHAA GG AAVILAAAdS ‘SSANIAILOHIAT JIAANA 91
9490 6T = VHJIV VIV TYNOIIOZIIA

966-0L¢S HOVK “Yu9ads a‘q ~TVIALVI NO NOILOATIZA TAVIIAAHAS A0 LDAILE ST

SI9Vd HNIXIVA 2 INAIHDS 4ILIL WATWRAN
SNOILIANOD INIID14430D : ANO14

STANOIA VIVA A0 XIANI



*93d 0°0 =

%#00T-186 HOVW‘NOY'1IV N NOATTE “ddAMS HOIId :S10dddd NO¥ATIV NvdS-Tiid L€

086-096 HOVI ‘ NOATTH g ‘93 0°0T - VHATIV :dddMS dI'ISHAIS NI NOAATE 9¢

656-816 HOVKH NOATTH 0 ‘d . ‘9ad 0°S = VHA'IV-dAIMS dITSAAIS NI NOAFTH Ge

LT6-168 HOVIW * NOATTA q ‘o4 0°0 = VHAIV :dJdAMS dITSIALIS NI NOAHTE Vi
0 = ATd ‘0 = Vidd ‘S = VHAIV ‘Y4ddds

968-168 HOVK‘N4ads W LUVA ‘dIAMS dv1ddg :SNOILOVYEINI *AdNS TOYINOD €€
0 = ATH ‘G = VHATIV ‘¢- = an¥ ‘dvidd

068-588 HOVI ¢ aV'14dd d J4VA SJEIMS dITSAAIS :SNOILOVYEINI °A¥NS TOYLNOD €
0 = ATTE ‘0 = VIEE °S = VHJATV ‘XId

%#88-6L8 HOVK ¢ dV14ad a1 J1dad €ddaAMS ¥AdAMy :SNOILOVYHINI 'JdAS TOYLNOD 1€
, 0 = v1dd ‘S = VHJAIV ‘dIXI1d

8.8-€(L8 HOVI * NOATTH R NOAZTH *dAAMS 414ad :SNOILOVYIINI ‘A4S TO¥INOD 0¢
‘53d 0 = YAAANY ‘€ 9T ‘L T1-

ZL8-198 HOVW dV14a4d v IV1Iag ‘S- = ATTH  :SNOILOVYEINI °dd0S TOYLNOD 62
‘o9d 0 = YAAAQY ‘€91 ‘L°1T- =

098-6%8 HOVI ¢ 41409 ' Iviiad ¢S = AATE :SNOILOVYAINI “Jd4NS TOYINOD 87
0 = V139 ‘0 = 4Ny ‘sz = W44ds ‘€°91 =

8¥8-¢y8 HOVK  VHA'IV 1 AVIIQE ‘AYVA AZTE :SNOILOVEAINI "JdNS TOYINOD LT

s49vd INIAIVA INAAHOS 41111 YATNNN
SNOILIANOD INAID14430D TINOH1d

s ——

SHYNDIA VIVA J0 XAANI




0 = NOATTA IV IDHJIA VHA'IV

8%

Ly

9%

Sy

vy

1%

Y

I

oY

6¢

69TT-%STT ‘IIVAENS ¥YAIdN QYVOLLN0 ‘HD/AX °SA dD NOAATH VSHIVO
0€- = NOAZTd IV IJ0d4dd VHATIV
CSTIT-ZHIT ‘HOVANNS ¥HddN MIVOENI ‘ID/3X °"SA dD NOATTIE VerIvo
02— = NOAHdTE IV 103444 VHATIV
TYIT-0ETT ‘HOVAENS ¥AddN QUVOENI “FD/AX °"SA dD NOATTA VSHTIVO
07 = NOATTA IV L0FAAT VHATV
6ZTIT-8TIT ‘HOVANNS ¥dddN QYVOLINI ‘dD/HX °"SA dD NOAITA VSHIVO
0T~ = NOAA'TH IV IDAIAA VHATV
LITT-Z01T ‘HOVANNS ¥IIdN TUVOENI ‘HD/AX *SA 4D NOAAM VSHIVOo
0T = NOAZTH IV IDddAd VHIIV
T0TT~-060T ‘HOVAENS ¥HddN QUVOENI ‘HO/HAX *SA dD NOAFATE VSHTIVO
¢ = VHdTV IV 10dddd NOAATH
680T-8.0T ‘AOVANNS ¥AddN QIVOENI “HD/HX *SA dD NOAFITE VSHIVO
0 = NOAHTA IV 1LDAdJdd VHIIV
LLOT-290T ‘HOVAENS ¥HddN @IVOENI ‘dD/FX °*SA dD NOAFTH YSvIVO
VIV TANSSTEd - ¢ AWNTIOA -
. ‘o34 0°0 = VIId ‘9HaQ 0°C =
T90T-T%0T HOVKR‘NOWIIV N VHITV ‘NOAATH AR¥VA (SLOAAIH NOWATIIV NVIS-TINA
. *9dd 0°0T- = NOAdTA
O%0T-€20T  HOVKW‘NOYIIV N ‘ddIMS HOIId :SID0d4dd NOWHTIV NVAS-T10d
*9dd 0°0T = NOAHTH
TTOT-S00T  HOVHNOWTIIV N ‘dAIMS HOIId :SINHFALH NOWI'IIV NVAS-TInd
SAOVd INIKIVA 4T1NAIHOS A1LIL
SNOILIANOD INIIOT144H00

SIYNOId VIVA 40 XHANI



01— = NOAYTH IV LOJAdd VHATV

T0€T-98C1T “IOVAINS YAMOT QIVOENI ‘HD/EX °*SA 4D NOAHITH VS®TVO 8¢
0T = NOAFTIE IV 10HA4d VHITIV

YA TAAN ‘FOV.IINS YAMOT MIVOINI ‘*ID/HX °SA 4D NOAITHI VSHIVO LS
¢ = VH4TV IV 103443 NOAITH

€LTT-29¢T ‘AOVINNS WAMOT QUVOINI “dD/dX °SA 4D NOAFTIE VS%TVvO 96
0 = NOAATE IV IOHJJd VHAIV

T921-9%21 ‘AOVAENS JAMOT MIVOINI “TD/dX *SA 4D NOAHTH VSHIVO os
0€- = NOAZTH IV I0dIdd VHJIV

SHZT-vELT - ‘HOVAYNS ¥AddN @IVOHINO ‘4D/3X *SA dD NOAFTA VEyIVO 129
0Z- = NOAHTA IV 103ddd VHATIV

€eeT-7221 ‘IOVAENS daddN @UVOdLN0 ‘dD/EX *SA 4D NOAITI VSHIVO €S
0¢ = NOAATE 1V 1DHddd VHJIV “IoVAARS

TZZ1-0121 ¥4dddn Ivogrno “A0/dX *SA 4D NOAATH VSHIVO 49
0T- = NOAZTE IV I0dddd VHAIV ‘FOVIENS

60CZT-%611 ¥Addn @VogIN0 ‘dD/dX *SA 4D NOATTH VSyIVO Is
0T = NOATTIH IV IDdd4dd VHAIV ‘IOVIdNS

€6TT-Z81IT ¥AIAN @IVOLLA0 “FD/IX °*SA dD NOAFTTH VSHIVO 0¢S
¢ = VHd'IV IV 104443 NOAETH ‘HAOVAENS

I8TI-0LTT ¥dddn @IvVogIno ‘ED/EX *SA 4D NOAITH VSvIVO 6%

SHOVd | 4TLIL YALRAN
g q4No1d

STYN9TI VIVAd 40 XEANI




0 = NOAZTE IV LOAJddH

6YYTI-0EYT VHAIV “HOVAENS ¥dddn ‘MI/XZ "SA dD NOAZTE VGyIVO 69
0€- = NOATTH IV IDHd4d VHATV

6Z7T-8TH1T ‘gOVANAS ¥AMOT @QIVOLINO ‘dD/IAX *SA dD NOAXTI VSHIVO 89
02— = NOATTd IV 1DA4dd VHAIV

LTYT-90%T ‘YOVIENS WAMOT @IVOLINO ‘dD/IX °*SA dJ NOATTII VSHTIVO L9
07 = NOAFIH IV 1Dd44H VHAIV

SOYT-%6€T ‘IOVAYAS WAMOT QUIVOLIN0 ‘AD/IX *SA 4D NOAFTH VSv1IVOo 99
0T- = NOAATH IV 1D3d4d VHAIV

€6ELT-8LET AOVAINS WAMOT QIVOLIN0 ‘dD/IX °SA 4D NOAHTH VSHTVO 69
0T = NOAFTH IV 10d4dd VHJIV

LLET-99¢€T ‘FOVIINS ¥AMOT @EVOLINO ‘dD/AX °*SA dO NOATTA VSHTIVO ©9
G = VHJIV IV 10dddd NOAITI

G9ET-HGET ‘YOVAUNS ¥AMOT QUVOLLA0 ‘HD/EX *SA IO NOAITH VSHTIVO €9
. 0 = NOA4TE IV I0dAdd VHIIV

€GET-8EET ‘IOV.IENS WAMOT QIVOLLNO ‘FD/IAX °*SA dO NOAHTIA VGYIVO 79
0€~ = NOAATH IV I1DHJdd VHATV

LEET-9ZET ‘gOVINNS YIMOT QIVOINI ‘TD/AX °*SA 4D NOAATI VSHTIVO 19
0Z- = NOAZTE IV IDII4X VHATIV

GZET-YTIET ‘TOVIANS WAMOT QIVOINI ‘FD/IX °*SA 40 NOAdTE VSyTIVO 09
0Z = NOAFTH IV 1D0dddd VHATV

€TET-20¢T ‘FOVIENS ¥AMOT CIVOENI “FD/EX °"SA dO NOAITI VSHIVO 6S

siovd | _ 1ILIL AAIRAN
. TANO1A

STYNOIA VIVA 40 XHANI



0Z- = NOAHTH IV 10dd44d

%99T-L%9T VHdTV “dOVANNS YAMOT ‘M9/AZ *SA dO NOAZTI VSHIVO 18
0Z = NOAATA IV LDdJdd

9%91-6Z9T VHA'IV ‘FOVAYNS ¥IMOT ‘Md/AZ °SA 4D NOAITH VSHTVO 08
0T- = NOAATE IV 103443

8¢9T-S09T VHA'IV dOVA4NS ¥IMOT ‘M/XZ °SA dD NOAITH VSHIVO 6L
0T = NOAFTA IV 1odddd

709T-£8CT VHdTV ‘dOVAINS ¥IMOT ‘MH9/XZ °SA dD NOAATI VS%TIVO 8L
¢ = VHdTV IV 1DAd4d

98ST-69ST NOATTA ‘FOVINNS YAMOT ‘ME/AZ °*SA 4O NOATII VSYIVO LL
0 = NOATTH IV 1DAdAd

89GT-GS%ST VHAIV ‘IOVA¥NS YAMOT “ME/XZ °SA dO NOATTA VSHIVO 9L
0€- = NOAHTH IV 103ddd

7%CT-0€ST VHA'IV ‘d0VAdNS ¥3ddn ‘ME/XZ °"SA 4D NOATTII VSHIVO St
0Z- = NOAFTH 1V 1Qdiid

6CST-STST VHA'IV ‘d0V4¥NS ¥9ddN ‘ME/XZ "SA dD NOAATH VSHIVO VA
: 07 = NOAJTH 1V 1Oodd4dd

7TGT-00ST VHATV “4OVA¥NS ¥dddN ‘ME/XZ °SA dD NOAATE VGHIVO €L
O0T- = NOAdTE IV IDHAdd

66%7T-08%T VHATV ‘dOVAYNS YAddN ‘MI/XT *SA 4D NOATTE YSHTIVO A
0T = NOAHTH IV IDA44d

6L%T-SO%T VHA'TV ‘dOVJuNS ¥dddN ‘MI/XZ °SA 4D NOAATHA VSHIVO TL
¢ = VHATV IV 1043449

797 T-0SHT NOAFTA ‘IOVAYNS ¥YAddN “MI/AT °"SA dD NOAATI VSHIVO 0L

ATLIL YAIRON
SHOVd 54N91d

STIYNOIA VIVA 40 XHANI

l

10




0T = NOAYTHI 1V LOHJdH VHATV ‘d¥40S

8VLTI-EYLT ¥dddn a4ino ‘dd/4X °SA dD ¥00d ¥dAddITd VSYIVO Z6
¢ = VHJIV IV 104449 NOAITH ‘J¥ns

VLT-LELT ¥dddn q9In0 “ao/4X °*SA 4D ¥00d ¥EAAITd VSHIVO 16
0 = NOAZTE IV 103444 VHAIV ‘I¥ns

9¢LT-6CLT ¥dddn agrino ‘40/4X °*SA d0 ¥00d ¥A4dITd VSHTIVO 06
0€- = NOAATE IV 1Ddd4d VHAIV ‘Adns

8TLT-€TLT ¥3ddn agNI ‘40/4X °SA d0 9004 ¥dddITd VSHIVO 68
0Z- = NOAATd IV 103443 VHAIV ‘Jdns

TTUUTI-LTLT ¥Addn agNI ‘40/4X *SA dD Y004 ¥dddITd VSYIVO 88
07 = NOAZTd IV 10dIdd VHAIV ‘ddNS

9TLT-TTLT ¥Addn agNI “40/4X 'SA dD 400d ¥AddITI VS¥IVO L8
0T- = NOAATE IV 10H4dd VHAIV ‘IiNS

OTLT~-€0LT ¥addn agNI ‘42/4X °*SA 4D ¥00d ¥dddITd VSYIVO 98
0T = NOAATH IV IDAIJHd VHATIV ‘ddAS Ydddn

20LT-169T @gNI ‘d4D/dX °SA 4D ¥00d ¥dddiTd VSHIVO 8
¢ = VHdTV 1V I103J4JId NOAdTd ‘1dns

969T-1691 ¥4ddn agNI “d2/4X *SA dD ¥00d ¥HIJITd VSHIVO %8
0 = NOAITE IV 103444 VHAIV ‘J¥0S

069T1-£89T1 ¥dddn agNI ‘d0/dX *SA dD Y004 YAJJITI VSHIVO £8
0€- = NOAFTIH 1V 10dagd

7891-6991 VHAIV ‘HOV.NNNS ¥IMOT “ME/XZ °*SA 40 NOAATA VSHIVO 78

SHOVL ! ATLIL YATHAN

TENO14

STUNOTI VIVd 40 XIANI

11



€°97 - dvidad 1Lv 123dd4d
%G68T-GE€81 VHAIV ‘dOVIdns ¥IMOT ‘g9D/49X °SA dJ dVT1d Adod 0T
[*TT- = dv14ddd IV 103444
yE€8T-GI8T VHATIV ‘dOVAdNS ¥IMOT ‘940/494X *SA 4D dvi1d AdQOE €0t
0'0 = 4dv'14d9 IV 10d4dd
#T8T-S6LT VHAIV ‘dOVJadNS YAMOT ‘90/49X °"SA 4O dvV1d Xd0od 01
0°S = VHAIV LV 103443
26LT-T16LT Jviddd ‘Iovddns ¥Addn ‘g9o/49X °SA 4O dvid RA0d 10T
¢rgz = 4viadd Iv 10dddd
06LT-L8LT VHAIV ‘dovdns ¥dddn ‘9d/49X °*SA dJ dV1d Adod 00T
€°9T = dv'14ad IV 10dd4dd
98LT-€8LT VHATV ‘dovains ¥dddn ‘9d/49X °"SA dO dvVT1d Adod 66
L TT- = dV14d9 IV 103444
I8LT-6LLT VHATV ‘dOVI¥NS ¥dddn ‘90/49X °SA 40 dvid Rdod 86 ~
—
0°0 = 4v1dad IV 1Daddd
8LLT-SLLT VHAIV ‘dOVJINS ¥dddn ‘9D/49X °"SA 40 dv1d Adod L6
0€- = NOATTIE IV 10HWJddd VHATIV
wLLT-69LT ‘3d4ns ¥Iddn q9rno ¢ 40/4X *SA 4D ¥00d ¥YAJAITd VSYIVO 96
0Z- = NOAZTA IV 103Add VHJIIV
89/T-€9LT - 1dnS ¥ydddn ag9ino ‘40/4X ‘SA 4O ¥00d ¥IddITd VS¥IVO G6
0Z = NOAZTH 1V IDAAdd VHATIV
19LT-LGLT ¢ *140S ¥YAddN q9In0 ‘d40/4X “SA d0 ¥00d YAAdITd VSYIVO %6
01— = NOAYTE IV 1D34dd VHATIV
9GLT-6%L1 ¢ INS ¥Addn d9IN0 ‘40/4X °SA 40 ¥00d ¥dA4dITd VSYIVO £6
S49vd ATLIL YATWAN
q9N91d

STANOIA VIVA A0 XAANI




6°Z22 = dv14d9 IV IDddAH

8/6T~£961 VHATIV ‘IOVAYNS ¥IMOT ‘49/49X °*SA 4O dVT1d Adod ST
€°91 = dV14d9 IV 103444

296T1-L%61 VHATV ‘FOVAYNS YEMOT ‘99/49X *SA 40 dVId Xdod v1T
. LTI~ = 4v1dad IV I0dd44H

9v6T-1€61 VHATV ‘dOVAYNS ¥AMOT ‘99/49X °*SA 40 dV1d Xq0d €11
0°0 = dv14dd 1V 1Dd44d

0€6T~-ST6T VHATV ‘EOVAdNS ¥AMOT ‘9d9/4dX °"SA 4D dvIid X009 AN
0°'G = VHATIV IV 10dd4d

yT6T-1T61 dvi14dgd ‘Hovayns ¥dddn ‘99/49x "SA 40 dVId X409 ITT
G°727 = 4dvV14ad Iv 1Dd44d

0T6T-L061 VHATV ‘dOVAMNS ¥dddn “99/49X °SA 4D dV1d RAod 0TI
€°9T = 4vV14ad IV 1Lodddd

906T-€061 VHA'IV “HOVIdNS ¥dddn ‘d9/49X °*SA dD dvV1d Adod 60T
L*TT— = 4VIddd IV 103444

2061-668T VHATIV ‘d0oVA¥0S ¥dddn ‘99/49X *SA 4O dv1d xdod 801
0°0 = dvV1id9 IV 103ddd

86815681 VHITIV ‘FDOVI¥NS ¥dddn ‘99/49&X °SA 4O dV1d Xdod LOT
0°'¢ = VHdIV IV 103444

768T-GL81 dv1igqd “dOoV4¥AS WAMOT ‘gD/49dX ‘SA 40 dVId Xd0g 90T
G*'7Z7 = 4dvidad IV ILDAdJd

%/8T-6G8T VHATIV ‘dOVA¥NS ¥IMOT ‘4D/49X °SA 4D 4vi1d xdod S0T

SEOVd ATLIL WALHAN

TINOTA

SAYNOIA VIVd

JO XJIANI

13



GG = MY9AdS IV 1DdAdd ¥4adnd

d) TAvVYd qdads vsvIvo

0 = MMYAdS 1V LOodddd ¥Ya4daid

d) IAVEd qdddS VSv1Ivo

GZ = MJ9AdS 1V LDddad Jdaand

dd EMVdd d3aEzds vs%71vo

M44AdS IV 1OoHddd V1idd
d) VAL dd3dS VS¥IVvO

M9ads LV 10dddd vIdd
dD AAVdd dddds VevIvo

M9dds 1LV LOodddd vidd
dd Idvyd qIdds vVevIvo

Mdads Lv LOoHAdd vIdd
d) dAVId adAdS VSvIvo

°L8 = M44ddS LV LOHAAd VHITV

d0 IIVId dddds VeyTIvo

66 = MY¥4ddS 1V 103444 VHIIV

dd dAVI9 qdAdS VS7IVO

0 = M49ddS LV 103444 VHdTV

d0 IAVIY ddddS VevIvo

67 = XM9ddS IV 104444 VHAIV

dD dMVdd JdiIds vevivo

L1

9¢t

A

9l

£CT

44"

Tet

0Z1

6TT

8TT

LT1

VIVAd FINSsddd

0°G = VHJdIV 1V LDdddd

dviad ‘doV.dNS YAMOT ‘d¥/49dX ‘SA 4D dV1d AA0d

0¢TZ-2112 ‘OVAENS WANNI “¥D/¥X °SA

I1TZ-001¢C ‘HOVAENS ANNI “¥D/9X °SA

6607-880¢ ‘HOVAINS WANNI “9D/¥X "SA

(8 =

£80T-9L0C ‘HOVAENS ANNI “¥2/¥X °SA

GG =

GL07-%90¢ -“HOVANNS WANNI “¥4D/9X °SA

OII.

£€907-250¢ ‘AOVIENS YANNI “¥4D/9X °SA

6T =

1502-€%0T ‘GOVAENS WANNI “¥D/¥X °SA

Zv0Z~-1£02 ‘OVIINS WANNI “¥4D/¥X 'SA

0£0Z-610C ‘IOVIINS WANNI “¥4D/d¥X *SA

8102-200¢C ‘OVAENS WANNI “¥YD/¥X °SA

900Z-666T ‘AOVAINS WANNI “¥D/¥X "SA
v66T-6L61
S39vd

——— ——

- € ZWNTO0A

911

dTLIL

STANOTA VIV 0 XAANT

d34UIN
NOT1d

14




0 = WJ9ddS 1V LOd44d ¥Iadiy

2052-69%C ‘AOVIANS YALNO “UD/YX °SA 4D AV QHHIS VSYIVO 6€T
GZ = Yd4ads IV Io3addd ¥Aqand

894%Z-€EYC ‘HOVAYAS ¥ALNO “¥D/¥X *SA dD IAIVIYG QAEdS VSYIVO 8¢T
Z°[8 = WE€adS IV I0dddd viad

IEYC-L6ET ‘gOVAENS ¥ALAO “¥D/¥X *SA 4D TIVEY dIAAIS VSYIVO LET
G¢ = MMdAdS IV 10dAdd VIad

96€7-19€C ‘IOVANNS dALN0 “¥D/¥X *SA 4D MIVEd qdIdS VSHIVO 9¢T
0 = Ydddds 1V I0dddd vidd

09€2-62€¢C ‘qOVIYNS YAINO “¥D/¥X °*SA 4D VY4 qdddS VehIVO GeT
GZ = M¥49dds IV I1DA44d vidd

©2€Z-8622 ‘IOVINNS WALAO “¥D/¥X *SA 4D MIved qdddS VSyIvo RET
7.8 = WMgAdS 1v 10dddd VHATV

L62T-292C ‘IOVANNS YEAINO “¥YO/¥X °SA 4D AAVYE qdddS VehIVOo €eT
6¢ = Y¥4gdds IV 104444 VHdTV

19229222 CTOVAENS MALNO “¥D/¥9X *SA dD INVId TAEJS VSHYIVO €T
0 = Y¥4aQdS IV 1oddid VHITIV

G72T-0612 ‘FOVLENS WALAO “¥D/¥X °SA 4D IIvEd QHALS VSYIVO €T
Gz = WI4Ads IV 1Jdddd VHITV

68TC-%G1¢ YOVNNS YAINO “¥D/¥X *SA 4D MIVEd qd3dS VSvIVvO 0fT
¢ = VHAIV IV 10dAdd YI9ads

€GTZ-0€1¢C ‘OVIINS YANNI “¥D/¥X °*SA d0 TAVYE dIAdS VSHIVO 6CT
7°/8 = Y¥9adS IV 1Lodddd ¥aaanyd

62TZ-121¢ ‘HOVIUNS WANNI “¥D/¥X °SA 4D IIVEd QIAdS VS?IVO 8C1

sdsvda - 4TLIL WAGHAN

AN91d

(Penuyiu0)) SHENOIA VIVA 40 XFANI

15



£89¢-9L9¢
SL9C-%99¢
£99¢-¢S9¢C
T69¢-€E%9C
Z%9¢-1€9¢
0£9¢-619¢
819C2-L09¢
909¢-5665¢
765C-666¢

866¢C-CEST

T£6¢-50S¢C

‘AOVAENS

‘AovLENs

‘4oVa¥NS

‘IOVIINS

‘FOVILANS

‘AoVIENS

‘4ovaans

‘aovaens

‘govaans

‘A0V480S

‘4ovINS

Sd9vd

YINNI

YANNI

JINNT

JINNI

YINNI

YANNT

YANNI

YHNNI

2°L8 =
‘d9/¥Z °SA

GG =
‘49/¥7 °SA

O“
‘Nd/9Z °SA

MI9ads 1V 104443 v.1ig
dd MvVdd qdIds VSyIvo

AEAdS LV LOEd4d VLIdg
dJ IdvVdd dddds VS¥1vo

Mgdds 1V 103449 vidg
dd IAVYd qaaAdS VSyIvo

§¢ = M49dds LV LOdd4dd VIAE

‘N49/49Z °*SA dD AAVYL

C°L(8 = MJHads 1LV
‘49/¥9Z *SA 4O TAVEd

GG = WI9Ads 1v
‘YL/¥9Z °SA dD @IvYd

0 = M¥49dds ILv
‘44/¥9Z °SA dO IIVEd

¢C = MHYAdS 1V
‘94/49Z °*SA 40 AV

qddds vev1vo

LOdddd VHAIV
qddds veyivo

LDd4d4d VHLTIV
qg4ds vev1vo

103443 VHATV
qydds vev1vo

LOd48d VHAIV
ad3ds vevIvo

¢ = VHdTV LV LOdd44H XY4dds

‘Y0/¥X *SA dD MiIvid

qadds veyivo

¢° (8 = MJ49GdS LV LOHAdd ¥ddAdNd

‘90/9X °"SA 40 TIVid

adqads veyivo

GG = ¥Y4AdS LV 1LOodddd ddadnyd

‘40/¥X °SA d0 TAVEL

dTLIL

(penuriuo)) SAYNOIA VIVA 40 XIANI

qaads veyivo

0sT
67T
8vT
AR
9T
Syl
ol
vt
(44"
[4A¢

0%t
IINAN
J4NOI1A

16




0 = MI9dds 1V 1OHd4d VIid
££8C~8T8T “AOVANNS WILNO “¥d/¥Z °SA 4D AAVEd QdIdS VSHIVO 19T

§Z = WAAds IV LDAIIT VIZE
LT82-908T ‘dov4dns WAINO ‘¥€/¥Z °"SA 4D IAVYE QIAS VSYIVO 09T

¢°[8 = M¥9ads IV

104449 VHATIV

17

G082-06L2 ‘qOVJIMNS YALAO °*¥E/¥Z *SA 4D AAVEd qAAdS VSYIVO 6ST
GG = W¥4ads 1V 103443 VHITIV
68L2-%LLT ‘IOVIENS YALNO “¥9/¥Z *SA dD IAVId QAAJS VSYIVO 86T
0 = W¥9ddS IV 10A4dd VHATIV
€LL2-8SLT ‘qOVAEAS YALNO “¥4/¥9Z °SA dD AAVIL adddS VSHTIVO LST
Gz = W4gads IV 103443 VHITV
LGLT=TYLT ‘IOVAYNS WALNO “YE/¥Z 'SA 40 MIVYY QFAdS VSYIVO 96T
¢ = VHJTIV IV 10dddd YY9ads
I%(Z-0€L2 ‘IOVAYAS WANNI “¥g/¥4Z *SA 4D dAVYd qIAJS VSHIVO 66T
¢ L8 = Mg9Ads IV 1Od44H ¥dadNyd
62L2-12LC ‘OVIINS WANNI ‘¥€/¥Z °ST 40 AAVYE QIA4S VSHYIVO 76T
GG = MM9dds IV Iodddd 93aand
0CLT~-TTLT “AOVAENS YANNI “¥9/¥9Z °SA 40 AAVIE QEAIS VSYIVO €61
0 = MIEads Iv 1oAddd ¥IAANd
TTLZ-00L2 “gOVAdNS WANNI “¥g/¥Z °*SA 4D AAvVEd QIads VSyIvO A
GZ = M¥9ads IV 104444 9aaanyd
6692-8892 ‘AOVIMNS WANNI “¥9/¥Z *SA 4D TAVEE qIAdS VSYTIVO 16T
sdovd ATL1L FHAWAN
. AUNOTA

(penuriuo)) SHYNOIA VIVA 40 XAANI



LE6T-TC6C

1262-0T61

6062-868¢

L68C-788¢

1887-998¢

G987-068¢

6¥87-%£8¢

¢ = VHd'IV LV 1Ddddd Xdddds
‘AOVAENS YALNO ‘¥E/J4Z "SA 40 IAVYE (qdA4S VG¥IVO

?°(8 = MI9AdsS 1V LDdAid dEAAMY
‘qOVA¥NS ¥IINO “¥d/¥Z °SA 4D IAVEE adddS VS¥1VO

G¢ = M¥4ads IV 1Ddadd J4adand
‘4OVI4NS YAILNO ‘¥9/¥Z ‘SA 4D IAVYd QdEALS VSYTVO

0 = Y49ads Iv IDddd4d ¥JAANd
‘gOVIENS ¥ALAO “¥9/¥Z *SA 4D AAVYd qIAIS VEYIVO

67 = YH9ads 1v LodAdd JIaany
‘gOVAENS ¥ALNO “¥49/¥Z *SA 4O AMVEE qdiAdS VSvyIvo

7°L(8 = MH9dAdS IV IDAJAd V1AL
‘AOVANNS WALAO ‘¥9/dZ *SA 40 IAVYE QdIdS VSHTVO

GG = MY9ddS 1v ILDAddd vidd
‘IOVIINS FILNO “¥9/¥Z *SA 40 INAVYA dAIdS VSHIVO

«

dTILIL

(panutiuo)) SHYNOIA VIVA A0 XIANI

891

L9T

991

S9T

%91

€91

91

JHqWIN
140014

18




INDEX OF DATA FIGURES (Concluded)
PLOTTED COEFFICIENT SCHEDULE:

A) CL, CD, Cp, CA vs. a; CL vs. CD; CL vs. Cqn
B) CY, Cn, Cy vs. B

C) Che, Cheg, Cher, CHFpg, ChFpI vs. &

D) Chyg vs. a

E) CHSb vs. B

F) CY, Cn, C, vs. &,

G) Chgy vs. 8p

H) CL, CD, Cm vs. 8o

Che, Chey, Chppp Vvs. GeIB
I) CL, CD, Cm vs. Segp

Che, Chey, Chpp vs. Segp

J) CL, CD, Cm vs. 6a;p

CY, Cn, Cy vs. Sajp

Ch Che¢ vs. Safp

eI’
K) CL, CD, Cm vs. 6a¢B
CY, Cn, Cy vs. Ga¢B

Ch Che¢ vs. 6a¢B

er’
L) CL, CD, Cm vs. Ge
M) CL, CD, Cm vs. Sp¢
N) CY, Cn, Cy Vvs.

0) Che, Cheq, Che¢ vs B
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INTRODUCTION

An experimental investigation was perforﬁed to determine aerodynamic
stability and control characteristics and control surface hinge moments
on the 0V102 configuration. The test article was an 0.05-scale represen-—
tation of the SSV orbiter configuration (model 39-0). Tests were performed
in the NASA/ARC Unitary Plan Wind Tunnel. Nominal test conditions are
given in Table I.

Six—combonent force data were measured on the complete model using
the ARC 4~inch Task MKIVA balance sting mounted through the rear of the
model. The model had a total of 280 pressure taps located as shown in
Figures 2c through 2h. Control surface pressures were measured on the
left hand elevon panels, the body flap and speed brake. These pressures
were also integrated to obtain control surface hinge moments.

With the tunmnel flowing, data were recorded through an angle-of-
attack range from -10° to +30° and an angle of sideslip range from -10°
to +10°.

Control surfaces remotely actuated from the control room were: All
four elevon panels, the body flap, and the rudder. Speed brake deflec-
tions were set manually using a pin indexing system on the rudder shaft.

The report consists of 6 volumes, 1 volume of plotted force data, 2
volumes of plotted pressure data, 2 volumes of tabulated force data, 1
volume of tabulated pressure data on microfiche. The volumes are arranged

in the following manner:
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VOLUME
NUMBER

INTRODUCTION (Concluded)

CONTENTS
OA145A PLOTTED FORCE DATA
OA145A PLOTTED PRESSURE DATA
0A145A PLOTTED PRESSURE DATA
OA145A TABULATED FORCE DATA
OAl145A TABULATED FORCE DATA
OAl145A TABULATED PRESSURE DATA
INBOARD ELEVON LOWER SURFACE
OUTBOARD ELEVON LOWER SURFACE
INBOARD FLIPPER DOOR UPPER SURFACE
OUTBOARD FLIPPER DOOR UPPER SURFACE
INBOARD ELEVON UPPER SURFACE
OUTBOARD ELEVON UPPER SURFACE
BODY FLAP UPPER SURFACE
BODY FLAP LOWER SURFACE
RUDDER OUTER SURFACE
RUDDER INNER SURFACE
ORBITER BASE
STING LOWER SURFACE

STING UPPER SURFACE
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PAGE NO.

1-29

29-56

56-77

77-97

98-159

160-221

222-243

243-264

265-286

286-307

308-315

315-320

320-324



NOMENCLATURE

PLOT
SYMBOL MNFMONIC DEFINITION
a speed of sound; m/sec,ft/sec
ABx fuselage base area assigned to pressure tap K, ft.2
Ap fuselage base sting cavity area, ££.2
Aq upper control surface area assigned to pressure
tap 1, in.2
Aj lower control surface area assigned to pressure
tap j, in.
speed brake outer surface area assigned to
pressure tap m, in.
speed brake inner surface area assigned to
pressure tap n, in.
by, Wind reference span, in. Used to nondimensionsalize
yawing and rolling moments.
Ca CA axial-force coefficient; axial force
as
Cay, CAB base-force coefficient; basgszEEE, -Ab(Pb'Pw)/qS
Cac CAC Sting cavity axial force coefficient. Sting
cavity pressure is adjusted to an average base
pressure.
Car CAF forebody axial force coefficient, Cp - Cap
Cau axial force coefficient, unadjusted
CpF body flap reference chord length, in.
Cp CD drag coefficient; EE%E
q
Cop CDB base-drag coefficient; 22§§§2£25 \
Cpe CDF forebody drag coefficient; Cp - CDb

22




NOMENCLATURE (Continued)

SzﬁggL MHEMOKNIC DEFINITION

CE elevon reference chord length, in.

Cgp flipper door reference chord length, in.

chBF CHBF body flap hinge moment coefficient

chEI CHEI inboard elevon hinge moment coefficient

chEO CHEO outboard elevon hinge moment coefficient

chFDI CHFDI inboard flipper door hinge moment coefficient

Chyrpo CHFDO outboard flipper door hinge moment coefficient

Chsp CHSB speed brake hinge moment coefficient

CL CL lift coefficient; %fg

Cy CBL rolling-moment coefficient; rolliggBmoment

Cp CIM pitching-moment coefficient; pitching moment

S/ REF

Cn CYN yawing-moment coefficient; YaVinisgoment

Cy CN normal-force coefficient; normaésforce

Cp CP pressure coefficient; (p; - p,)/a

oy wing reference MAC, in.

Cy cY side-force coefficient; Eiésagezss

S, ATLRON Aileron deflection. Positive when L.H. elevon is
more trailing edge down than R,H. elevon, degrees.

GBF,ﬁbf BDFLAP Body flap deflection. Positive trailing edge

down, degrees.
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. NOMENCLATURE (Continued) -

Elevon deflection, average of the four individual
panel deflections. Poslitive trailing edge down,
inboard and outboard L.H. elevon deflections, degrees

differential elevon setting, left side, outboard-
differential elevon setting, right side, outboard-

inboard and outboard R.H., elevon deflections, degrees

Rudder deflection in a water plane. Positive
trailing edge left, degrees.

Rudder deflection normal to the hinge line.
Positive trailing edge left, degrees.

Speed brake deflection. Angle between the inside
faces of the left and right panels, always positive,
body flap hinge moment, in-1lbs

inboard elevon hinge moment, in-1lbs

outboard elevon hinge moment, in-1bs

inboard flipper door hinge moment, in.lbs

outboard flipper door hinge moment, in.lbs

speed brake hinge moment, in-lbs

orbiter body reference length, in.

lift-to-drag ratio; Cy/Cp

lift-to-forebody drag ratio; CL/CDf

PLOT
SYMBOL MNEMONIC DEFINITION
Se ELEVON
degrees.
Ser1, ¢ ELV-LI, @
DELL DELL
inboard, degrees
DELR DELR
inboard, degrees
Sepr. g ELV-RI, ¢
Sr RUDDER
- DRHL DRHL
8SB SPDBRK
degrees.
Hypp
Hppy
Hnpo
ByFp1
Hyrpo
Hysp
1B
L/D L/D
L/De L/DF
M MACH

Mach number; V/a
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PLOT
SYMBOL

MNEMONIC

NOMENCLATURE (Continued)

DEFINITION

Pi,j,m,n

xpp/Cg

XcG

Xe/Ce
xpp/Crp

X, .
1’3 ’m’n

P

Q(PSF)
Q

RN/L, RN

XBF/CB

XCP/L

XE/CE

XF/CF

pressure; N/m?, psf

control surface static pressure corresponding to
tap i, j, m or n, psfa

freestream static pressure psfa

dynamic pressure; 1/2pV2, psf

unit Reynold's number; per m, per ft

body flap reference area, in.?2

elevon reference area, in.?

flipper door reference area, in.?

speed brake reference area, in.?2
wing reference area, ft.?

velocity; m/sec, ft/sec

chordwise distance aft of body flap hinge line
as a fraction of body flap chord

distance from orbiter nose (IML) to model moment
reference center, in.

model center of pressure location in the normal
force direction, relative to the model nose (IML),
in.

chordwise distance aft of elevon hinge line as a
fraction of local elevon chord

chordwise distance aft of flipper door hinge line
as a fraction of local flipper door chord

transfer distance from static pressure tap i, j,

m or n to the corresponding control surface
hinge line, in.

25



NOMENCLATURE (Concluded)

PLOT

SYMBOL MNEMONIC  DEFINITION

xgr/CR XR/CR chordwise distance aft of rudder hinge line as a
fraction of local rudder chord

o ALPHA angle of attack, degrees

B BETA angle of sideslip, degrees

U] PSI angle of yaw, degrees

¢ PHIL angle of roll, degrees

o mass density; kg/m3, slugs/ft3

NBF YBF/BB spanwise distance from body flap left edge as a
fraction of body flap span at hinge line

R ZR/BR spanwise distance from rudder bottom edge as a
fraction of rudder span on hinge line

Ny 2Y/BW distance from plane of symmetry as a fraction

of wing semi-span
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REMARKS

After completion of the QAl45 test program, pressure data for all
three program phases were reviewed to determine what updating, corrections,
or substitutions would be necessary. The following defines for each
program phase those corrections that were deemed necessary and were made
to the final data prior to preparation of the final data tape for
Dataman. Updating and substitutions were applied only where known
deficiencies existed that would have severely compromised the final data.

PRESSURE DATA UPDATING FOR 118-1-11 (0A1k45SA)

Run 18 through 56:16

Deleted sV Port(s)
1 3, 4, 5, 8 through 11, 17, 18
3 18
7 2, 6, 24
9 19, 20

Applied Tap 127 (SV3-Port 13) Pressure to Tap 132 (SV3-Port 18)
Tap 6 (SV6-Port 2) Pressure to Tap 7 (SV7-Port 2)
Tap 216 (SV7-Port 3) Pressure to Tap 219 (SV7-Port 6)
Tap 240 (SV8-Port 3) Pressure to Tap 207 (SV7-Port 2
Tap 403 (SV9-Port 18) Pressure to Tap L4OL (SV9-Port 19)
Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 2

Run 50:13 through 56:16

Replaced SV8 CAL with SV9 CAL.

Run 60:1 through Th:1ll

Deleted sV Port(s)
1 3, 5, 8 through 11, 17
L 2
7 6, 24
9 19, 20
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REMARKS (Continued)

Applied Tap 5 (SV5-Port 2) Pressure to Tap UL (SVi-Port 2)
Tap 216 (SV7-Port 3) Pressure to Tap 219 (SV7-Port 6)
Tap 240 (SVB-Port 3) Pressure to Tap 237 (SVT-Port 2L4)
Tap 403 (SV9-Port 18) Pressure to Tap LOL (SV9-Port 17)
Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 19)

Run 76:1 through 272:9

Deleted SV PortSs}
1 3, 8, through 11, 17
T 6, 24
9 19, 20, 24

Applied Tap 216 (SV7-Port 3) Pressure to Tap 219 (SV7-Port 6)
Tap 240 (SV8-Port 3) Pressure to Tap 237 (SV7-Port 24)
Tap L03 (SV9-Port 18) Pressure to Tap 4O4 (SV9-Port 19)
Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 20)
Tap 408 (SV9-Port 23) Pressure to Tap 409 (SV9-Port 24)

Run 67:1 through 341:10

Replaced SV8 CAL with SV9 CAL

Run 185:1 through 272:9

Deleted SV Port

1 P

Applied Tap 35 (SV1-Port 11) Pressure to Tap 25 (SV1-Port 5)

Run 276:1 through 396:10

Deleted Portfs!
2

19, 20, 2k

e |

Applied Tap 216 §Sv7-Port 3) Pressure to Tap 219 (SV7-Port 6)
Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT-Port 24)
Tap 403 (SV9-Port 18) Pressure to Tap 404 (SV9-Port 19)
Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 20)
Tap 408 (SV9-Port 23) Pressure to Tap 409 (SV9-Port 24)
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RIMARKS (Continued)

Run 370:1 through 384

Deleted SV6 Port 2
Applied Tap 5 (SV5-Port 2) Pressure to Tap 6 (SV6-Port 2)

Run 403 through 918:10

Deleted SvT7 Ports 6 and 2k

Applied Tap 216 (SV7-Port 2) Pressure to Tap 218 (SV7-Port 6)
Tap 240 (SV8-Port 3) Pressure to Tap 237 (SV7-Port 2k)

Run 514 through 53k4:10

Deleted SV6 Port 2
Applied Taps (SV5-Port 2) Pressure to Tap 6 (SV6-Port 2)

Run 735 through 756:10

Deleted sve Port 7
Applied Tap 65 (SV1-Port 25) Pressure to Tap 75 (SV2-Port 7)

Run 874 through 895:8

Deleted sv2 Port 7
Applied Tap 65 (SV1-Port 25) Pressure to Tap 75 (SV2-Port T)

PRESSURE DATA UPDATING FOR 118-1-97 (0A1L5B)

Run 156:7 through 337 (End of 5/L/TT running)

Deleted sV Port{s
3
T 24

Applied Tap 117 (SV3-Port 3) Pressure to Tap 122 (SV3-Port 8)
Tap 2L0O (SVB-Port 3) Pressure to Tap 237 (SV7-Port 2L)

Run 340 through 391 (End of test)

Deleted SV Port
T 2k
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REMARKS (Continued)

Applied Tap 240 (SV8-Port 3) Pressure to Tap 237 (SV7-Port 2k)
Ppagr for following runs is lost; substitute as follows:

For Run 228 Substitute Pp from Run 200 Seq. 6
For Run 229 Substitute Pgp from Run 200 Seq. 18

PRESSURE DATA UPDATING FOR 118-1-87 (O0A1lk5C)

Run 13 through 97

Deleted sv Port(s)
3
7 24

Applied Tap 117 (SV3-Port 3) Pressure to Tap 122 (SV3-Port 8)
Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT7-Port 24)

Run 82 through 96

Deleted sv8 Port 2
Applied Tap T (SVT-Port 2) Pressure to Tap 8 (SVB-Port 2)

Run 98 through 188

Deleted A Port 24
Applied Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT7-Port 2k)

Run 100 through 188

Deleted SV3 Port 8

Applied Tap 117 (SV3-Port 3) Pressure to Tap 122 (SV3-Port 8)

It should be noted that for the QAlLS5A program aerodynamic
coefficient data presented between freestream Mach numbers of about 0.98
and 1.07 may be suspect. Measured aerodynamic characteristics are
affected by tunnel wall blockage and/or reflected shock waves. Therefore,

data in this Mach range should be used with caution for diagnostic
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REMARKS (Continued)

analysis only. Review of the base pressure data for the OAlLS5C test
program revealed significant differences in Pppgp between individual
pressure taps and are a result of response time problems associated with
Scanivalve stepping from the calibrate pressure Port #1 (high positive
pressure) to the adjacent (low negative value) base pressure Port #2,

on all Scanivalves., For base pressures measured on two adjacent ports,
i.e., CPgjo and CPR]1 on Scanivalve 1l the second pressure reads the
correct value of Ppagr. It was therefore concluded that only Port #2

on each Scanivalve, the base pressure tap, is in error. This anomaly
was not discovered until after release of the final data tape to

Dataman.

Pressure data used for the DATAMAN integrations for control surface
hinge moments (documented as special request SPRT9F) were edited further
by DATAMAN to exclude taps designated by Rockwell as bad or suspect.

The following is a list of the pressure taps deleted by DATAMAN in

accordance with the integration request:

Tap No. Component Tap Location

132 Elevon Upper Surface nw = 0.8, Xa/Ce = 0.2
155 Elevon Lower Surface ny = 0.34, Xo/Ce = 0.6
209 Flipper Door Upper Surface ny = 0.534, Xg/Cp = 0.9
215 Flipper Door Upper Surface ny = 0.715, Xz/Cp = 0.9

219-221 Flipper Door Upper Surface ny = 0.887, all Xy/Cy

325 Body Flap Lower Surface centerline @ T. E.
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REMARKS (concluded)

Hinge moment data presented in this report are the on line integra-

tion results from the test facility. Pressure data tabulated in volume

6 are also facility data.
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CONFIGURATIONS INVESTIGATED

The test article (provided by Rockwell) was a 0.05-scale model 39-0
defined by the VCT0-000002B configuration control drawing and fabricated
to the March 15, 1976 trajectory 14414.1C/C Numerical Control Lines.

The model was constructed primarily of 6061-T6 aluminum alloy and
Armco 17-4 stainless steel. The balance block, wing panels and elevons.
vertical tall and speed brakes, and body flap are the principal steel
components. The fuselage is all aluminum.

The model was tested in the above fixed configuration in all three
facilities. No model boundary layer trips were employed for any testing.
The only configuration variables were model orientation and control
surface deflection. The following range of control surface deflections
were tested and controlled remotely from the control room: Elevon
deflections of -35° to +20°, body flap deflections of -11.T to 22.5 and
-22.8 to +22.8 rudder deflection. Speed brake deflections of 0°. 7.5,
15°, 25°, 40°, 55°, 70° and 87.2° were set manually.

The following nomenclature was used to designate the model

components:
Component Definition

Bs OV102 fuselage including T-zero umbilical
panels, crew hatch, and cargo bay door gaps.

Ci6 Canopy including recessed windshields and
observation windows.

Egy, Elevons, including elevon/elevon and elevon/
fuselage gaps.

Fi6 Body flap.
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CORFIGURATIONS INVESTIGATED(Concluded)

Component Definition

FD3 Flipper doors.

FR22 Fairings for the forward cargo bay door
hinges, 6 per side.

HGy Cargo bay door hinges, 13 per side.

Mgo (MS pods.

N108 Forward RCS thruster nozzle ports.

N109 Main propulsion system nozzles (inner
surfaces cut away for sting clearance).

Ni10 (MS nozzles.

N1 ATt RCS thruster nozzles and ports.

Roo Rudder, split into left and right speed
brake panels.

Voo Vertical tail.

VT1o Cargo bay vents, 4 per side.

VT1; wing/landing gear bay vents, 1 per side.

VT2 Cabin vents, 1 per side.

VT13 Forward RCS vents, 1 per side.

VT Aft fuselage vents, 1 per side.

VT15 (MS RCS vents, 1 per side.

VTi6 Flipper door vents.

V7 Miscellaneous vents, ports and penetrations.

W131 OV102 wing.

The above nomenclature is depicted in Figures 2a and 2b.
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INSTRUMENTATION

The test was conducted with the following model instrumentation:

L.0-inch Task MKIVA, 6-component internal balance.

Eleven Scanco S-type, U4B8-port Scanivalves for model
pressures, One Scanivalve for sting pressures.

36 wing and 97 elevon static pressure taps.

32 flipper door static pressures, 24 external, 8 internal
5 aft fuselage and 23 body flap static pressure taps.

9 vertical tail and 45 speed brake static pressure taps.

9 fuselage base and 2 balance cavity static pressure taps.

2 air data probe forward fuselage flush static pressure
taps.

20 sting static pressure taps.

Six model control surfaces were remotely actuated. Included were

the following instrumentation:

Hydraulic actuation systems for the four elevon panels
and the body flap.

Electric motor actuation system for the rudder.
Angular position pots for each of the control surfaces.

A model mounted hydraulic supply system, including pump,
and servo-control valves.

A model control console housing the electrical components
of the servo systems.

Force data for the orbiter was measured by a six-component balance,

sting mounted through the rear of the model. The primary balance for

this test was the ARC lL-inch Task MKIVA and the backup balance was the

Task MK VI provided by Rockwell.
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INSTRUMENTATION (Continued)

The model was instrumented with a total of 280 static pressure taps.
These pressures were measured by eleven model mounted S-type Scanivalves
provided by Rockwell International.

The sting was instrumented with 20 static pressure taps, 10 each top
and bottom spaced every 2 inches aft of the base. These pressures were
measured by a single S-type Scanivalve mounted in the tunnel strut BOR.
The Scanivalve was provided by Rockwell International.

All pressure instrumentation electrical leads were supplied by
Rockwell International. ARC provided reference, calibrate, and backing
pressure tubes from their source to the aft end of the model. The
routing of all instrumentation leads was internal to the sting, except
for the sting static taps.

The locations and tap identification numbers of all orifices are
shown in Tables III through VI and Figures 2c through 2h.

Tunnel wall static pressure, measured upstream of the test section,
was used as the reference pressure for all Scanivalves.

The four elevon panels and the body flap were remotely controlled
using a model mounted hydraulic servo control system. The hydraulic
system consisted of 1 H.P. AC motor, pump and reservoir, Moog Type 30
servovalves, and Oildyne Style A hydraulic cylinders. The electrical
components of the servo-system, the operational amplifiers and balancing
pots, were contained in a model control console located in the control

room.
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INSTRUMENTATION (Concluded)

The rudder panels were remotely controlled using a Globe planetary
gear motor, Type 8L. An electrical servo system for the rudder, uti-
lizing a Moog amplifier, was built into the model control console.

Control surface angular position was read by rotary pots located as
closely as possible to each surface hingeline. The pots for the inboard
elevon panels and the body flap were T/8-inch Beckman Helipots, model
6173 single turn, dual element. The pots for the outboard elevons and
rudder panels were l/2-inch Markite Series BMOS5 pots, also single turn,
dual element.

The dual outputs from each pot allowed one output to be utilized as
the feedback element in the control servo loop, with the second output
being used to set control position and compute surface positions in the

data reduction program.

The model control console was operated manually. Unbalancing of the

servo to set a given control deflection was accomplished by manually
ad justing the Helipots on the control console. The position of each
control surface was read by separate digital voltmeters mounted on the

console,
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TEST FACILITIES DESCRIPTION

Ames 11 x 11-Foot Transonic (@A145A)

The Ames 11 x 1ll-Foot Transonic Wind Tunnel is a variable density,
closed return, continuous flow type. This tunnel has an adjustable
nozzle (two flexible walls) and a slotted test section to permit tran-
sonic testing over & Mach number range continuously variable from 0.4 to

1' h.

Ames 8 x T-Foot Supersonic (@A145C)

The Ames 8 x T-Foot Supersonic Wind Tunnel is a closed-return,
variable-density tunnel with a 8- by T-foot rectangular test section.
The nozzle has flexible side walls with fixed upper and lower surfaces.
Mach number range is continuously variable from 2.45 to 3.5. Tunnel
stagnation pressure can be varied from 0.3 to 2.0 atmospheres and

Reynold's number per foot varies from 1.0 x lO6 to 5.0 x 106.

Ames 9 x T-Foot Supersonic (@A145B)

The Ames 9 x T-Foot Supersonic Wind Tunnel is a variable density,
continuous flow type with an adjustable nozzle to permit supersonic
testing over a Mach number range continuously variable from 1.5 to 2.5.
The nozzle is of the asymmetric, sliding-block type in which the variation
of the test section Mach number is achieved by translating, in the stream-
wise direction, the fixed-contour block that forms the floor of the

nozzle.
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DATA REDUCTION

Model force and moment data was reduced to coeffiecient form in both
body and stability axes systems. Moment data was reduced about a moment
reference center corresponding to 65¢% of the reference body length at
W.L. 375. Model angle of attack and sideslip were corrected for support
hardware deflections and tunnel flow angularity. Angle-of-attack flow
angularity was determined from upright and inverted model runs at the
beginning of the test. Standard facility corrections were applied as
required. All model pressure data was reduced to the pressure
coefficient form (P-Po)/q.

Six-component body axes data was computed from balance outputs with
axial force being adjusted for the differences between the average sting

cavity pressure and an average base pressure.

CA=CAu'CAC

where:
= - SAcZ
Cac = - (CPCavg. CPBavg,) S
_ Cp1o * Cpu1
cPCavg. - >
= C +Cp2 + C + C + C + C
CPpavg. = (Cpy + Cp2 + Cps + Cpg + Cp7 + Cp8)

6

Forebody axial force coefficients were computed by adjusting the base

pressure to freestream.

Cap, = Ca - Cap
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DATA REDUCTION (Continued)

where:
9 1
Cap = 'él ZS (Cpk ABk) + (CPpavg. AC?
A%
K=1

Center-of-pressure location of the model normal force was computed as a

ratio to the reference body length.

XCp 1 Cn =
— = e X - —= ¢
1B 1B < CG °x

Stability axes coefficients Cp and Cp were computed from body axes
coefficients Cy and Cp. Model lift-to-drag ratio was then computed from
Cg, and Cp.
L/D = CL/Cp |
Model control surface positions from the run schedule were input to
the controller manually, i.e., constant or variable values were input
depending on the sweep variable for the given run. Table look up values
of Se. OBF, and 8), based on calibration data, were stored in the data
reduction program and employed to determine control surface position
from the actual set values of controller voltages input to the ARC
instrumentation system.
Model control surface hinge moments (on line data only) were computed
by the facility from control surface pressures using an area-moment arm

method as detailed below:

124 173
BME = > (1) (a3) (x1)] - > e @y G
I=101 J=150
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Cupr =

HMET

DATA REDUCTION (Continued)

qSECE

149
2

BMpo =

i=125

CHEo

Inboard flipper door

HMEoQ
qSgCE

ltey) (ag) (xp)]

212 -
Hurpr = :S kPi) (A1) (X1)]
1=201
Chppr EMFpI
aSFDCFD
Outboard flipper door
22h
Byro = > [(P1) (A1) (xy)]
1=213
Ch _ Hwrpo
FDO = TEFxCFD

Body flap hinge moments

307
Bugr = > [es) (ag) (xy)]
i=301
Ch _ Hupr
BF = TSper

41

197

N
&

J=17h

(25 (a5) (xy)

236 |
S e @y &)

J=225

248

>y (ap ()
=237

/7

325

S e (ap) (xpl
J=31k



DATA REDUCTION {Continued)

where:
i = wupper surface pressure tap numbers
J = lower surface pressure tap numbers
Speed brake hinge moments
436 L5k
Bss = S [(Pa) (An) ()| = D |(Pa) (An) (xa)
m=41D n=437
Chgp HysB
qSSBCSB
where:
m = outer surface pressure tap numbers
n = 1inner surface pressure tap numbers

Pressure coefficients judged to be incorrect were deleted and areas
reassigned by manual input to the on-line computer program. Final hinge
moment data were integrated by Dataman from plotted and smoothed pressure
coefficient data.

The following flow angularity corrections were applied to the final
data:

OA1L5A No flow angularity, blockage or wall corrections were
applied to the data obtained in the 11 ft. transonic facility.

OA145B Flow angularity corrections based on comprehensive evalu-
ations of "TACT" (Transonic Aircraft Technology) program test data were
applied to the final data. These corrections represent large model values

above and beyond standard facility corrections.
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DATA REDUCTION (Continued)
QAl45C Standard facility flow angularity corrections were applied
to the dats obtained in the & x 7 facility.
Reference dimensions and constants used were:

MODEL FULL

SYMBOL DESCRIPTION SCALE SCALE
Sw Wing reference area, ft.2 6.725  269).
by, Wing reference span, in. L6, 83k 936.685
Cy Wing reference MAC, in. 23,740 L7L,81
MRC Moment Reference Center

X, in. 53.834 1076.68

Y, in. 2.0 2.0

Z. in. 18.75 375.2
Xca Length, nose IML to MRC, in. h1.934 838.68
1B Body reference Length, in. 64,515  1290.3
Sg Elevon reference area, in.2 75.60  302L0.
Cg Elevon reference chord, in. 4,535 90.7
Srp Flipper door reference area, in.2 75.60  302L4),
cFp Flipper door reference chord, in 4,535 9.7
Sgp Body flap reference area, in.2 4L8.60 19440,
CBF Body flap reference chord, in. 4,050 81.90
Sgp Speed brake reference area, in.2 36.05  1h4e1.6
csp Speed brake reference chord, in. 3.660 73.2
Ac Base sting cavity area, £t.2 0.1963
Apy Base area, Tap 1, ft.2 2.0587
Agp Base area, Tap 2, ft.2 2.082k
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DATA REDUCTION (Concluded)
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MODEL FULL

SCALE

SCALE

2.

0

du6T

-0553
L0772
1146
.1798
.0860

.1950
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TABLE T,

TEST ¢ OAl4SA, B, C DATE ¢
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE
MACH NUMBER (per unit fengthyx 10 (pounds/sq. inch) (degrees Fahrenheit)
0.6 5.0, 3.0, 9.0
0.8
0.9
0.95
1.05
1.10
1.20
1.30
1.40 Y
1.55 L0
2.0 1.5, 3.5, k4.5
2.5 2.5, 3.25, 3.5,4.0
3.0 1.0, 2.5
3.5 2.5

BALANCE UTILIZED: 4 INCH TASK MKIVA

CAPACITY: ACCURACY: %’%E.FE;‘E?L%NET
NF 6000/6000 LBS 0.5% *
¢ 3000/3000 LBS "
AF 2500 LBS 0.2%
PM
Rv 16000 IN-LB 0.5%
™

COMMENTS: Accuracy applies to maximum gage capacity.

*Coefficient tolerance based on root sum square of forward and aft gages,
tolerance quoted for range of Mach number tested.

See Table VIII,
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TABLE IV. FLIPPER DOOR PRESSURE TAP LOCATIONS

SPANWISE LOCATION

UPPER SURFACE Xpp/CFD

WING 7 0.10 0.50 0.90
0.3h0 201 202 203
0.h27 20k 205 206
0.53h4 207 208 209
0.615 210 211 212
0.715 213 21k 215
0.800 216 217 218
0.887 219 220 221
0.960 222 223 224

INTERNAL CAVITY XFp/CFD
0.10 0.50 0.90
0.3%0 225
0.427 228
0.53h4 231
0.615 234
0.715 237
0.800 240
0.887 243
0.960 246
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TABLE V. BODY FLAP

PRESSURE TAP LOCATIONS

SPARWISE LOCATION

UPPER SURFACE Xpp/Cpp

m = y/b at Hingeline -0.20 0.20 0.60 | 1.00
0.10 (L.H. Side) 301 302 303
0.20 30k
0.35 ,

0.50 (Yo = 0) 305 306 307
0.80 (R.H. Side) 308 ‘

LOWER SURFACE Xgp/CEF

0.10 (L.H. Side) 309 31k 315 | 316
0.20 310 317 318 ! 319
0.35 311 320 321 322
0.50 (Yo = 0) 312 323 324 325
0.80 (R.H. Side) 313 326 | 327 328
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TABLE VI. SPEED BRAKE PRESSURE TAP LOCATIONS

SPANWISE LOCATION

OUTER SURFACE (L.H.) Xg/Cr

n =y/b at HINGELINE | -0.20 0.20 | 0.60 0.80 | 1.00
0.10 (BOTTM) Lol k10 b1
0.20 402 §12 413 41k
0.30 403 415 416 S
0.4 4ok 418 419 I L20
0.50 Los k21 ko2 423
0.60 406 ok | kes | k6
0.70 ko7 27 428 k29 |
0.80 408 430 431 43z |
0.90 409 433 43l 435
1.03 (ToP) 436
| |
INSIDE SURFACE (L.H.) Xgr/Cr
0.10 (BOTTQM) 437 438 f :
0.20 439 | ko IR
0.30
0.40 b2 | 3 | bbb
0.50 s | L6 "
0.60 |
0.70 448 449 . 50
0.80 |
0.90 451 452 l 453
1.03 (ToP) LSy '
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TABLE VII. AIR DATA PROBE AND STING
PRESSURE TAP LOCATIONS

AIR DATA PROBE PRESSURES

L.H. SIDE AT X, 291.67, Zo 320.46 12

R.H. SIDE AT X, 291.67, Z, 320.46 13

STING PRESSURES

DISTANCE FROM MODEL BASE UPPER LOWER |
STATION - INCHES STING STING
0 501 l 511
2 , 502 | 512 |
4 | 503 ‘ 513 .
6 504 | 514
8 505 ! 515
10 ‘ 506 4 516
12 507 i 517
14 : 508 ! 518
16 j 509 519
18 j 510 520
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TABLE VIII.

' COEFFICIENT

.6
¥0.009600
+0.002800
¥0.004800
$0.000580
$5.001100

$0.000385

MACH NUMBER

67

1.2

$0.,006100
$5.001700
$0.003000
*0.003700
*0.000700

¥0.000240

COEFFICIENT TOLERANCES FOR THE L-INCH TASK MKIVA BAIANCE

3.5
¥5.017100
¥5.005000
$5.008500
£5.001050
$0.002000

¥1.000690
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Bey, + dep

Positive Aero Forces. Hinge
Deflection of Angle and Moments Moment
Rudder, Sr +B, -y +Cy , -C, -Chr
Elevon, de -a , -9 -Cp Che
Right, & . - “Ch
lg ] eR ¢ Cl eR
Left, seL +¢ +C, _CheL
Aileron, 83 +¢ +Cy
Body Flap, ©Op¢ -a , -0 -Cp “Chpe

b.

Control Surface Deflections
Figure 1. Continued.
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e —— e o . -

o

'Rudder o e // \\ \\ .
Hinge Lins//// k9-3°\\ o
‘;\\ < \\ 98.6° Maximum

S/B Deflection

VIEW NORMAL TO HINGE

S

400 Maxigum

1izer

al Stabi
Vertica e

d. Rudder/Speed Brake Deflections
Figure 1. Continued.
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ELEVON DEFLECTIONS

BODY FLAP DEFLECTIONS

e. Elevon and Body Flap Deflections
Figure 1. Concluded.
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Figure 2.

Body Flap Pressure Tap Locations
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Tap 1 is on the heat shield
under the MPS nozzle.

Tap 3 is in the OMS nozzle.

h. Base Pressure Tap Locations

Figure 2.

Concluded.
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, TAP  W.P., in. B.P, in. Area,ft?

SRt L89 0 23.48

2 169 49 32.96

™ 3 505 90 18.68

; b k39 11 22.12

1l s 428 99 30.88

6 386 108 ks5.8k

T 305 11k T71.92

8 303 o} 34.40

9 k71 130 78.00

10 390 60} 78.52
11 390 -60

436.80
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TEST: OAl45&
MODEL: 39-0
SCALE: 0.05
FACILITY: ARC 747
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b. Model Installed in 9 x T Foot Test Section with Base Detail (OA1L5B)
Figure 3. Concluded.

82




APPENDIX

PRESSURE DATA - MICROFICHE

Due to the limited distribution of Volume 6 of this data report,
tabulated pressure data are available on request from Data
Management Services
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